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<£) A surface Irghl source device having light sour- 
ces (2) provided along all fotr side edges of a light- 
conc'ueting member <l). A hght guide (i) has a 
diffusion plate (3) on its front surface and a reflection 
surface (4> on hs back surface. Tie back surface of 
the lignt-conducting member (I) Has a pattern con- 
sisting o' tiny rough surface areas <5), The pattern is 
so formed that in a cficection (Y-Y) of connecting a 
pair of two opposed sides of the light-conducting 
member, tie density of ihe rough surface areas is 
the l&rgest in me center portion, but gradually de- 
creasing (o*ard the two opposed skle edges and 
reaching the smallest density on the two opposed 
aide edges Th*$, the surface light source device 
increases the brightness and provides a uniform 
distribution of brightness. 
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Background of the Invention 



a) RefcJ of the Invention 

This invention relates to a surface iighi source 
device having a light-conducting member - 

b) Description of the Prior Art 

A conventional surface light source device with 
a. light-conducting member 1 is shown in Fkj_ 1. 
The conventional device includes a iight-conduct- 
Ing member consisting of transparent sheet ma- 
lei id l with e specific Ihicfcness and having a rectan- 
gular shape as seen Irom the top in the drawing, 
one or two ftneac light sources 2, such as co Id- 
eal hod « tubes : mounted close lo either a singly or 
both ends 1 a ot the hght*conducting member i , a 
diffusion plate 3 deposed along the froni surface (a 
light emitting side) lb of Ihe lic^t-conductrng mem- 
ber 1 . and a reflection surface 4 disposed along the 
back surface 1c inn opposite side to the light 
emitting side lb otthe light-conducting member 1). 
Further, the surface 1c of the light-conducting 
member 1 may have a multiplicity of arty rough 
surface areas, each containing a multiplicity of dots 
6a. as shown In Fig. 2. Also, ihe surface ic may 
have a multiplicity of dot* 5a, as shown m Fig 3. 

In such a surface light source device wherein a 
pair of light sources are provided as shown in Rg. 
i, light emerging irom $ p&t of t^e iifii* sources. 2 
enters adjacent end surfaces 1a. 1a„ undergoes 
total internal reflection and is transmitted frrcugh 
Ihe light-conductfog member i toward the center, 
respectively. As the light passing through the fight- 
conducting member 1 by Iota! Internal reflection, 
the light is diffused by dots 5a, as shown in Figs. 2 
and 3. Part of the light is emitted from the surface 
10 of the light-conducling member 1- The light 
passes through the diffusion plate 3 to form diffuse 
light. To provide a uniform distribution of light in 
Die drflusjon plate 3 after passing through the plale 
3, ihe surface 1c of the tight-conducting member 1 
has an appropriate pattern of tne tiny rough surface 
areas 5 as shown in Pig. 2, or an appropriate 
distribution of dots Sa- 
lt is important that such a surface Itghl source 
device gives an enhanced brightness and also pro- 
vides a uniform distribution of brightness. 

To provide an enhanced brightness in the Sur- 
face light source device, in one of its known forms 
as shown in Fig. 4> linear light sources 2 are 
provided close to each side of the light-conducting 
member U 

However, the surface light source device of 
Fig. 4 with four pieces of tight sources haa a 
difficulty In providing a uniform distribution of 
brightness. It Is Impossible to obtain a uniform 
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distribution ol brightness simply by providing dots, 
as shown in Figs. 2 and 3, on the surface 1 c of the 
hght-eendxting member i. 

Also, in another of its known lorms. the con* 
s vcntionai surface light source device used with the 
light- con ducting member, as shown in Fig. 5, is 
such that a Jight-conductwng member 1 has a full 
thickness in a region close lo the fight sources 2, 
but gradually decreasing with distance from the 
70 light sources 2. However, in such a surface light 
source device, because each side edge vanes in 
shape and size, it is difficult to increase the num- 
ber of the light sources. Thus, there Is no known 
device of this type the* has been used with fou- 
rs pieces of ihe light sources, and thus, it is impos- 
sible to increase the number of the ftghl sources 
and thus enhance the brightness in ihe device. 

In sn II another ot ts known forms, the conven* 
tlonei surface light source device, as shown in Fig. 
20 6, is such that, to increase fte brightness m the 
device, a pair of linear light sources 2, one above 
another, is contained in each end surface 1a of the 
light-conducting member 1. Compared to tha> 
brightness in the device having a single light 
26 source for each end. however, trus surface light 
source device provide only 1-6 - I J& times as much 
brightness, thus indicating a low utilization of light 
emanating from the light sources. This is due to 
linear fight sources, such as cold-cathode Ikjores- 
30 cent tubes {discharge Lubes), dissipating heat for 
mutual heating and resulting in a lowering of light 
scurce performance 

Summary ot the Invention 

33 

An object Ol this invention t$ tO provide a 
surface light source device having a light-conduct- 
ing member that produces both an enhanced 
brightness and a uniform distribution of brightness 

40 in the device. 

The surface light source device of this inven- 
tion includes a ptofe-like light-conducting member 
of transparent sheet material, one or more light 
sources disposed close to each end surface of the 

45 Ught-ccnductng member, a drffusion plate depos- 
ed close to the Iron! surface, i-e. light-emitting 
surface, of the ilgM -conducting member, and a 
reflection surface disposed on or near the back 
surface of the light-conducting member. The back 

so surface of I ho light-conducting member has a pal- 
tern of a multiplicity of tiny rough surface areas 
wherein tiny rough surface areas are appropriately 
distributed. 

In the surface light source device of this inven- 
tion. eight is allowed to fall into each end ot the 
Ught-conducting member and thus increase the 
brightness. Also, the back surface of tie light- 
conducting member has a pattern In which a large 
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number ol tiny rough surface areas are appro- 
priately distributed to provide a uniform distribution 
of brightness in the device. For example, in one 
direction of connecting a pair of two opposed side 
of Ihe fight-conducting member the sum of tiny 
rough surface areas per unit of area is uniform, 
rrhkte in the direction of connecting another pair of 
two opposed sides of the RQm>ccnduClirjg member, 
the density of these tiny rough surface areas is 
small adjacent to each end. but gradually increas- 
ing toward the centsr portion and reaching the 
largest at the center portion- Thus, a uniform dis- 
tribution or brightness Is obtained when light is 
incident on afi lour side edge surfaces of the tfghi- 
conoucting device. 

Briel Description ot the Drawings 

Fig. 1 is a cross-seclicnaJ view of the conven- 
tional surlace light source device having a Sghl- 
conducting member 

Fig. 2 Is a view showing en example of a 
pattern of tiny rough surface areas that is formed 
or* the back surface of the light-conducting mem- 
ber in trie conventional surface iighi source device. 

Fig. 3 is a view showing an example of a 
multiplicity of dots that are formed on the back 
suifcce of the conventional tighc-conduotmg mem- 
ber. 

Fig. 4 Is a view showing the arrangement of 
Uflht sources with respect to ihe tight-conducting 
member in another form of the conventional sur- 
face light source device. 

Fig. 5 Is a view showing the arrangement of 
light sources with respect to ihe fight-conducting 
member having a varying thickness in still another 
form of the conventional surface light source de- 
vice 

Fg. 9 is- a crOSS-sectional view of another form 
of a light^onducting membar that is used with the 
conventional surface light source device. 

Fgs. 7, 8 and 9 are views of a first embodi- 
ment of this invention: Frg. 7 is a cross-sectional 
view: Fig. 8 Is a plan view: end Fig. 9 is a view 
showing a patlern ol imy rough surface areas 
formed on the back surface of the fight-conducting 
member. 

Figs. 10A, 10B, IOC. 1 1 A and llB are sche- 
matic diagrams lo hetp expiain the distribution of 
brightness on the froni surface of the Kght-conoucH 
ing member in accordance with the first embodi- 
ment. 

Figs. 12A, 12B and 12C are views of a second 
embodiment of this invention. 

Figs. 13A and 138 are views of variants ol the 
second embodiment of this invention. 

Figs. 14 and 15 are views showing the arrange- 
ment of differently shaped light sources. 



Figs. 16, 17 and 18 are views of a third em- 
bodiment of this Invention. 

Fig. 19 »s 2 view of a ?ou r th embodiment of mis 

invention. 

5 Fig. 20 is a view showing a lamphouse lhai is 

used with a firth embodiment of this invention. 

Fig. 21 is a fragmentary cross-sectional view 
showing a light souice and adjacent regions oniy in 
accordance with the fifth embodiment of Ihis inven- 

to tion. 

Fig 22 is a ciosa- sectional «ew oi a variant of 
the fifth embodiment of this invention, showing a 
light source and adjacent regions. 

Fig 23 is a cross-sectional view showing three 
»5 pi«C8S or light sources when used with the variant 
of Fig. 22. 

Figs. 24 and 25 are views or other variants o* 
the filth embodiment. 

20 Detailed Description of the Preferred Embodiments 

Fig, 7 is a vedicaJ section of a first embodi- 
ment of a surface light source device in accor- 
dance with this invention. Fig. 8 is a plan view of 

2s ttic device of Fig. 7. The device of Figs. 7 and 8 
includes a light-conducting member 1, four pieces 
of light sources disposed to surround on all sides 
of the light-conducting member i. a dilfusion plate 
3 disposed near the front surface tb, le. light- 
so emitting surface, of the light-conducting member I. 
and a reflection surface 4 disposed on or near ine 
back surface 1c of the light-conducting member 1 
Thus, the device shown has substantially ihe same 
construction as the conventional surface light 

as source device. In this embodiment, the back sur- 
face 1c 0< the light-conducting member 1, on or 
near which the reflection surface is disposed, has a 
pattern of tiny rough surface areas 5 consisting of a 
rnuJtiplidty of dots 5a as shown in Fig. 9. The 

40 pattern is formed by printing, etc 

The pa It em of tiny rough surrace areas 5 as 
shown in Fig. 9 has a uniform distribution In a 
longitudinal direction (the x direction in Fg. 8) of 
the front surface lb. but in a transverse direction 

46 (the y direction in Fig. 3) trie tiny rough surface 
areas 5 per oni: of area is largest in the central 
region and becomes smallest In regions close to 
both end surfaces. 

In this first embodiment, four pieces of linear 

50 light sources are used so lhai light enters the light- 
conducting member 1 through all of its four end 
surfaces 1a. Thus, the quantities of light emitted 
from the surface 1b become large and Ihis pro- 
vides an enhanced brightness in the surface light 

55 source device Also, by providing the pattern of 
tiny rough Surface areas 5 as shown m Rg. 9, 
diffuse light emerging through the diffusion platB 3 
becomes uniform over the surface of the diffusion 
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plate 0, 

Now, lei us explain how a uniform distribution 
of brightness on ihe dri fusion plate 3 can be ob- 
tained when the pattern of Fig. 9 ts formed on the 
beck surface ic of trie light-conducting member. 

Fig. 10A is a view of Ihe surface light source 
device in which a pair of light source are disposed 
aJong rwo opposed end surface of the Eghl con- 
ducting member I, showing the arrangement of the 
ligru-conducting member 1 and the Hghi source 2. 
Fig. 10B is a diagram of the conventional light- 
conducting member 1, shewing the distribution of 
brightness, in equality of bilghtness lines, on the 
light-emitling surface 1t> or the lrght-<:onduCting 
member 1. It is seen that the region marked "L" is 
Ihe brightest and The region V D W Is the darkest, and 
Ihus trie brigh|nes$ i$ unevenly distributed. Rg. 
10C shows the distribution of brightness in the 
surface light source device of Ihis Invention where 
Ihe pattern ol tiry rough surface areas 5. as shown 
in Fig. 8. is formed on the back surface ic ol the 
fight-conducting member 1. II will be seen from 
Fig. IOC that the distribution cf brightness is made 
so uniform that the difference in brightness be- 
tween surrounding and central regions is Signifi- 
cantly reduced. 

Fig. HA Is a view of another mode of the 
device in which a pair of tight source are disposed 
along two opposed end surfaces of the fight-con- 
ducting member 1, which end surfaces extend 
iransver&eiy to (hose m Fsg. 10A. More particularly, 
Fig 10A shows the light sources arranged along 
iwo opposed end surfaces tying rtghi and left tn the 
drawing. By contrast, Fig- HA shows me light 
sources arranged along rwo opposed end surfaces 
lying vertical y » n the drawing. Fig. 11 B shews the 
distribution of brightness the surface light source 
device of Fig. 11A. In ihis case, ihe upper and 
lower regions are brighter, while (he right and left 
regions are darker. 

In this fir si embodiment, as shown in Fig, a 4 
lour pieces of light sources are disposed along ail 
lour end surfaces la of the light-conducting mem- 
ber 1. Thus, ttie distribution of brightness on the 
tight-emitting surface lb of the light-conduciwg de- 
vice 1 is a combination of the ones shown in Figs. 
IOC and llB. More particularly, the bright region of 
Fig. 10C and the dark region cf Fig. 11B aie 
combined, AJso. the dark region of Fig. IOC with 
Ihe bright region of Fig. 11B, as well as medium 
brightness regions in Figs. 1CC and 1 1B are com- 
bined Thus, a substantially uniform distribution of 
brightness is obiained over the eniire surface ib- 

The length c* each light source used in this 
first embodiment may preferably be slightly longer, 
up to 15 mm. Iran the size of a luminous sui face- 
In this case, the luminous surface Is enclosed by a 
chain line In Fig. 8. 



The size of the luminous surlace. where, for 
example, the length of an end surface is I and the 
length of a light source is i\ should preferably be 
given by an equation of t ^ V + a. In this case. 

5 the a range is 0 < « < 15mm. 

Figs. 12A, 12B and 12C are views of a second 
embodiment of this invention: Fig. 12A is a per- 
spective view of the light-conducting member 1; 
Rgs, 12B and 12C are cross-sectional views taken 

70 on lines B-B and C-C of Fig. 12 A, respectively. 
This embodimem also has linear ligN sources {not 
shown) disposed along all tour end surfaces 1a of 
the light-conducting member. As shown In Figs, 
12B and t2C, the 1ight-oonducting member 1 of 

ts this embodiment has a back surface 1c having the 
concave face In which the regton "P" Is tho Thin- 
nest while the regions "21" and "Z2" are the 
thickest Aiso k the surface Ic has either a uniform 
distribution cf dots or a uniform distribution of tiny 

20 rough surlace area formed thereon, 

In this embodiment light entering a!J tour end 
surfaces 1a of the light-ccnducling member 1 un- 
dergoes total interna) reflection at tho surfaces 1b, 
1c. As it is being transmitted, the light is uniformly 
diffused ai the rough surfaces. However, because 
the surface 1c is concave, the light reflection varies 
depending on different positions of the surface 1c 
and Ihus Irghl emissions become uniform through- 
out the surlace lb, 

ao In Ihis embodiment, by providing an appro* 

priate pattern ol tiny rough surface areas on the 
surface Ic ol the light-conoWmg member 1. the 
light emissions can be made more uniform. 

Pigs. 13 A and 13B are views of variants of the 

35 second embodiment wherein the front surface 1b 
erf the light-con dueling member 1 has the concave 
face. In this case, the plane back surface- 1c has a 
pattern of dots or tiny rough surface areas. 

In the first and second embodiments noted 

40 above, four pieces of light sources are used. How- 
ever, as shown in Fig. 14. a pair of L- shaped light 
sources may be used. Alternatively, a cnc-piecs 
light source as shown in Fig. 15 may be used. 
Cold-cathode fluorescent tubes are normafly 

45 uied to serve as a tfghl source. However, as a 
cold-cathode fluorescent tube does not emit ftght at 
the electrode, the quantity of light generaied \s 
smaller or uneven near the electrode when com* 
pared to the remainder Thus, the quantity or light 

so entering the end near the Sghi source 1 * electrode 
becomes smsler or uneven than elsewhere. Par- 
ticularly, uneven quantity ol light is of great con- 
cern. 

Fig. 16 is a view of a third embodiment that 
5« overcomes the disadvantage noted above. 

In Ihis Ihiid embodiment, shield members 7 are 
provided on the light-conducting member 1 in 
places near the electrodes 2a of the light source 2 
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to ensure that light emanating from near the elec* 
trades 2n will no* enter She Hghfc-con dueling mem- 
ber 1. Thus, the tight-emitting suriace ol the ftghl- 
conducting member 1. so long as it fees within the 
limiis shown by a chain line in the drawing, is kept 
free from the effect? due to uneven quantity of light 
emanating from the electrodes 2a of the light 
source 2. However, when L-shaped fight sources 
are used as shown in Fig, 16, variations in the 
quantity of light is likely to occur at bends 2b of 
cold-cathode fluorescent tubes Furiner, when 
shield members 7 are provided adjacent to the 
electrodes 2a, the quantity of light incident on 
regions. MA" of Ihe light-conductrnoj member i 
near the electrodes 2a differs Irom that on regions 
"IB" near the bends 2b. Thus, shield members 7 
must be provided in regions "IB" as w*U $% in 
regions "1A". 

Thus, this third embodiment provides a surface 
light source device of more uniform brightness 
wheFetn shield members 7 are provided in regions 
"1A" and "IB", respectively, so as to keep the 
light-conducltng member unaffected from th« un- 
even quantity of the light emanating from the elec- 
trodes 2a and the bends 2b. 

Fig. 17 is a vi aw of a variant of the third 
embodiment. In this variant. Instead of a L-shaped 
light source previously described, a one-piece light 
source is provided to surround substantially all four 
sides of a rectangle. The variant of Fig. 1 7 also has 
a shield member 7 provided on each comer oi the 
light- conducting member 1 so as to avoid the el- 
fects from the electrodes 2a and ihe bends. 2b of 
the light source 2. 

Fig 18 is another variant of the third embodi- 
ment. In Ihis variant of Fig. 18. a combination of a 
l-shaped light source with a linear light source is 
used so that the light source 2 is provided along all 
four side edges of the light-conducting member 1 
In accordance with this variant, tne light-conducting 
member 1 also has shield members 7 at respective 
positions close lo the electrodes 2a and the bends 
2b of the light source 2. 

In accordance with the embodiments of Frg*. 
15, 17 and 18, the shield members 7 used may be 
formed of a black tape or a metallic coating, etc.. 
More particularly, a black tape may be applied, or 
a msiallic coaling deposited, on comers of the 
light-conducting member I. 

Fig. 19 is a view of a fourth embodiment of this 
invention. In this embodiment, the tight-conducting 
member t has a back surface tc having the con- 
cavo face as shown in Figs. 12B and 12C» etc A 
component 9 of the light-source lighting system H 
provided in a space between the concave face and 
a case surface 6 thus resuming in a smaller -sized 
surface light source device. Also, when the surface 
light source device Is used as a back light of a 



liquid crystal display, a liquid crystal driving circuit 

9 can be provided In a space between Ihe concave 
face ic And a casa surface 8. 

Further, if the rellection surface 4 on the back 
surface ic of the fight-conducting member 1 is 
formed cf metal foils such as aluminium ones, and 
such metaJ foils are earthed, the earthed metal foils 
provides a shield from (he driving circuit to prevent 
the malfunction of the circuit. 

Still Turther. to increase the brightness on ire 
surface light source device, in a variant of this 
fourth embodiment a pair of light sources may be 
provided In the vertically upward and downward 
posilions as previously described. However, ttvs 
decreases the utilization efficiency of the light 
source. 

Fig 20 m a cross-sectional view of a discharge 
tube holder for use with a filth embodiment to be 
described below. This holder is used to increase 
the utilization efficiency of light emanating from Ihe 
light source. The iamp holder 10 includes an inner 
face 1 Ga forming a reflection surface, an outer face 
10b having rough surface, and a light sourca 2 
arranged as shown. 

Fig. 2i is a view of a fcflri embodiment of this 
invention, showing the light source and adjacent 
regions. A pair of lamp holders 10, which are 
placed a part vertically m a case 11, receive a pan- 
of linear light sources. Because the lamp holders 
ID have rough surface on their outer faces, an 
an space is provided ai a joint between the hvo 
lamp hdders to reduce the transmission of heat 
fFom the discharge lamps. Thus. II ts possible to 
prevent a reduction in the Sght utilization efficiency 
due to the heat. 

Fig. 22 is a cross-soctionei view of a pair of 
lamp holders forming a variant of the firth embodi- 
ment Each of the lamp holders to includes op- 
posed outer faces provided with a projection 10c 
and a slot lOd, 6y coupiling a projection 10c with a 
slot lOd, a pair of lamp holders 10 are connected 
together. The outer laces of these lamp holders 1 0 
have rough surface similar to Fig. 21, except a 
projection 10c and a slot lOd. Thus, as in ihe lamp 
holder of Ftg. 21, an air space i* provided in a pint 
between two tamphotses x> provide heat insulation. 

Fig. 23 Is a view of throe pieces of lamphouses 

10 connected together. 

Figs. 24 and 25 are cross -sectional views of 
different variants of Ihe fifth embodirncnt, showing 
different types of iarnpbouses. The lamphouse 
shown has a multiplicity of depressions lOe formed 
on iis outer face. These depressions lOo provide 
an air space for heat insulation. 

To Improve heat insulation, (he lamphouses 10 
of Figs- 20. 22, 24 and 25 may be formed of either 
heat insulating material or heat-radiating material 
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A« explained above, each of the embodiments 
of this Invention has at least one light source pro- 
vided along each side edge of a Itght-conducting 
member, thus increasing the brightness on the 
surface light source and providing a uriform dis- 
tribution of brightness. 

Some aspects of (he invention as described above 
are are- follows: 

A surface light source device having light sour- 
ces provided along all four side edges of a light- 
ccnducting member. A light guide has a diffusion 
plate on its from surface and a reflection surface on 
lis back surlaee. The back surface of the light- 
conducting member has a pattern constating of tiny 
rough surface areas. The pattern is so termed that 
In a direction of connecting a pair of two opposed 
sides of the light-conducting member, the den&ily 
ot the rough surface areas is the largest in the 
center portion, but gradually decreasing loward the 
two opposed side edges and reaching the smallest 
denstty on the two opposed side edges. Thus, the 
surface light source device increase* the bright- 
ness and provides a uniform distribution of bright- 
ness. 

Claims 

1. A surface ttgm source device comprising a 
light-conducting member consisting of rectan- 
gular transparent sheet material. linear light 
sources provided along aJi four side edges of 
said light-conduciing member, a diffusion plate 
provided adjacent to the from surface of said 
Ifght-conducting member, and a reflection sur- 
face provided on or near the back surface of 
said light-conducting member^ said back sur- 
face of said tight-conducting member having a 
pattern consisting of a multiplicity of tiny rough 
surface areas, wherein said pattern has a uni- 
form sum of area for tiny rough surface areas 
per unit area in a direction of pair of opposed 
sides ol said light-conducting members, while 
as viewed in a direction of another parr of two 
opposed sides of said light-conducting mem- 
ber, said partem has the largest density of said 
rough surface areas m the center portion, but 
gradually decreasing toward said two sides 
and reaching the smallest density an said two 
opposed sides. 

2. A surface fight source device comprising a 
light-conducting member consisting of rectan- 
gular transparent sheet material, linear light 
sources provided along all four side edges of 
said light-conducUng member, a diffusion plate 
provided adjacent to the froni surface of said 
light-conducting member, and a reflection sur- 
face provided on or near the back surface of 
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sad light conducing member, said back sur* 
face of satd light-conducting member being 
thinnest m the cenfer poriran and thickest on 
two opposed ends, and said back surface hav* 
s inp rough surface. 

3* A surface light source device according to 
ciaLm 2 wherein said light-ccnduciing member 
has the flat front surface and the concave back 
70 surface. 

4, A surface tight source device according to 
claim 2 wherein said llght-ccnduciMg member 
has the concave front surface and the fiat back 
ra surface. 

& a surface light source device according to any 
ot claims 1 to 4 where tn said light sources 
include a pair of L-shaped light sources. 

x 

ft. A surface light source device according to 
claim 5 wherein said light-conducting member 
has a shield member on each corner thereof. 

as ?. A surface light source device according to any 
of claims 1 to 4 where in said light source 
Include a one-pleca light source surrounding 
alt four side edges of said light-conducting 
member, 

30 

& A surface light source device according to 
claim 7 wherein said light-conduciing member 
has a sh'efd member on each comer iheieof. 

33 9. A surface fight source debtee according to 
claim 3 wherein said concave face of said 
light-conducting member contains a light 
source lighting component, 

40 10. A surface light source device according to any 
of claims 1 and 2 wherein a pair of said linear 
light sources are provided along each side 
edge of said Kght-conductirbg member and 
wherein said pair of light sources are contained 

«5 in a pair of lamphouse* having rough surfaces 

lormed on ihe outer faces thereof and con- 
nected together. 

11. A surface light source device according to any 
54 of claims 1 and 2 wherein a pair of said linear 

light sources are pvovkfed along each side 
edge of said light-conducting member and 
wherein said pair of light sources are contained 
in a pair of temphouses having a multiplicity of 
sfl depressions formed on the outer (aces thereof 

and connected together 
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